This work aimed to study the microstructural evolution of commercial aluminum alloy AA7050 in the solution treated condition (W) processed by equal channel angular pressing -ECAP. The analyses were made considering the effects of process parameters as temperature (T amb and 150°C), processing route (A and B C ) and number of passes. Optical microscopy (OM), scanning electron microscopy (SEM) and transmission electron microscopy (TEM) were used for microstructural characterization, and hardness tests for a preliminary assessment of mechanical properties. The results show that the refining of the microstructure by ECAP occurred by the formation of deformation bands, with the formation of dislocations cells and subgrains within these bands. The increase of the ECAP temperature led to the formation of more defined subgrains contours and intense precipitation of η phase in the form of spherical particles. The samples processed by Route B C present a more refined microstructure.
INTRODUCTION
Severe plastic deformation (SPD) techniques have been widely used for the production of ultra fined grained microstructures in metal and alloys [1] [2] . Among the various SPD processes available, equal channel angular pressing, ECAP is especially attractive because it is the most cost effective and easiest way due to the simplicity of process and tooling and because it can be scale-up to produce bulk ultra fined grained materials for structural applications. The process allows materials to undergo severe shearing deformation and break up the original texture into ultrafined or nanostructure after a number of passes of pressing through a die composed by two channels that intersect in an angle usually of 90° or 120° [1] [2] [3] [4] . The process imposes a high strain on the sample so that a high dislocation density is introduced. These dislocations re-arrange during the multiple passes of ECAP to form subgrains and subsequently new high angle grain boundaries.
Investigation of ECAP processing of precipitation-hardened Al alloys was primary focused on the process refinement [5] [6] [7] [8] and more recently on the evolution and controlling of precipitation microstructure [9] [10] [11] [12] [13] . Previous studies [4, 14] have reported that different microstructures can be obtained in Al and Al alloys dependent upon the ECAP route. Gholinia et al [5] have demonstrated that during deformation with a constant strain path the grains in the alloy subdivide by the buildup of disorientations between cell blocks as the strain increases. This leads to the formation of elongated subgrains. When a billet is processed with a clockwise and anticlockwise 90° rotation, between each alternate pressing, this results in the continual buildup of shear on two mutually orthogonal planes. This is the less efficient route to produce submicron grains [5] . With a 90° rotation in the same direction, the billet is again sheared in two mutually orthogonal planes, but despite the redundant nature of the total strain, this processing route gives rise to grain refinement [5] .
ECAP process has a complicated effect on precipitation microstructure of Al alloys. It has been reported that ECAP at ambient temperature suppresses the precipitation in the as quenched condition [10] , while ECAP at elevated temperature may cause dissolution of pre-existing metastable precipitates or precipitation in the case of the as quenched alloy [9] . A morphological change has been reported in Al-ZnMg-Cu alloys [15] , where spherical precipitates form by fragmentation of pre-existing large platelet precipitates, or by isotropic growth of small platelet precipitates [11] .
This work has the aim to investigate the microstructural evolution of AA7050 aluminum alloy in the solution treated condition (W) during ECAP. The effect of some processes variables will be considered, such as: temperature, processing route and number of passes, in the development of grain structure and precipitation state and thus provide additional information on the understanding of the behavior of this aluminum alloy during ECAP.
EXPERIMENTAL PROCEDURES
The AA7050 aluminum alloy, with nominal composition showed in Table 1 , was received as plate in the condition T7451. Prior to ECAP, short billets were machined from the plate with lengths of 90 mm and diameter of 10 mm. The billets were solution treated at 477°C for 1 h and were processed by ECAP at ambient temperature and at 150°C with one, three and six passes.
The ECAP facility has an internal angle of 120° and an additional angle of 60° at the outer concordance radius where the two channels intersect. The ECAP processing was performed using a mechanical press of 30 tons with ram speed of 0.5 mm/s. The pressings were performed by routes A (sample is not rotated) and BC (sample is clockwise rotated by 90°).
Microstructural characterization of the samples after ECAP was performed by OM, SEM and TEM. Samples for OM and SEM were prepared by conventional techniques of metallographic preparation. For TEM characterization, thin foils of the material were cut from the cross-section of each billet perpendicular to the pressing direction. The foils were thinned to 100 µm by conventional grinding. 3 mm discs were punched from the specimens and after that, they were ion-milled in a Gatan Dual Ion Milling System, using argon, bean energy of 5 keV.
Rockwell B hardness tests were performed in all samples for a preliminary assessment of mechanical properties. 
RESULTS AND DISCUSSION
Only one pass of ECAP was possible at ambient temperature due to the sample low ductility. Figure  1(a) shows the OM microstructure of the alloy in the W condition. Figures 1(b) and 1(c) show microstructures obtained by OM and SEM, respectively, after one pass of ECAP at ambient temperature. Comparing these pictures, one can see that after one pass of ECAP the samples present a more refined and elongated grain structure. Deformations bands can be observed in the interior of some grains. As it has been previously reported [17, 18] , deformation bands develop because it is energetically easier for a constrained grain to deform by splitting into bands (or cell blocks) that deform on fewer than the five slip systems required for homogeneous deformation. The formation of new high angle grain boundaries induced by deformation can occur if the disorientations between the deformation bands increase sufficiently. Figure 2 shows TEM micrographs of alloy after one pass of ECAP at ambient temperature. It can be observed an elongated cell substructure with approximate width of 400 nm and a high density of dislocations arranged in the cell boundaries. No precipitation was observed after one pass of ECAP at ambient temperature. Figure 3 shows micrographs of alloy processed at 150°C by route A. An intense refining of microstructure was observed after one pass of ECAP. After three and six passes a large amount of deformation bands was observed and they were homogeneously distributed throughout the sample. The number of these bands increased with the number of passes, while the average spacing between bands seems to have decreased. shows OM and SEM micrographs of 7050Al alloy after ECAP by route Bc. The microstructure is more refined as compared with samples with same number of passes pressed by route A. Deformation bands are visualized in minor number and the average spacing between bands seems to be smaller. Figure 5 presents the microstructure by TEM after ECAP at 150°C by Route A and B C . After one pass of ECAP at 150°C the microstructure is very similar of the sample pressed at ambient temperature, it is formed by elongated cells with average width of 200 nm and a high density of dislocations arranged in the cell boundaries.
The samples pressed by route A, for three and six passes, present the microstructure composed by elongated subgrains. After three passes the subgrains have an approximate width of 200 nm, while after 6 passes the subgrains are slightly smaller with a width of 100 to 200 nm. The subgrains contours of this sample are better defined than those obtained after one pass that presented thicker walls. The microstructure of samples after ECAP by route BC is formed by subgrains or cells with an equiaxial tendency and smaller than that of route A. High density of dislocations is present, located at cell boundaries. The precipitation microstructures formed in ECAP of the 7050 Al alloy are very different from those formed after thermal ageing. After one pass, platelet precipitates, probably η phase, are observed. The presence of intermediate precipitates η' after the first pass of ECAP has been reported [11] which has led to the supposition that precipitation during ECAP follows the same sequence as in a conventional ageing treatment (i.e. GP zones, η', η), but that precipitation occurs in a faster rate. Although the usual platelet morphology of the η precipitates observed after the first pass of ECAP of 7050Al alloy, their aspect ratio are lower than that obtained by ageing. This lower aspect ratio can be explained by the orientation changes that ECAP produces on precipitates, which increases the interfacial energy between precipitates and matrix [11] .
The small precipitates are more sensitive to the change in interfacial energy, so, adopting low aspect ratios, these small platelet precipitates reduce their surface area. After multiple passes the precipitates present in the 7050Al alloy are the equiaxed η precipitates. This change in morphology has possibly been caused by isotropic growth promoted by the rotations after multiple passes. Since the new orientations of precipitates within the matrix deviate from the typical orientation for η platelet, the atomic configurations at the interphase interfaces are different. The missing low energy configuration interface between the basal plane of η phase and {111} of the Al matrix increases the interfacial energy between η and Al. Thus the η precipitates become more favorable for isotropic growth and they evolve into equiaxed morphology [11] . However, as the precipitates particles after three and six passes of ECAP are smaller than that after the first pass, besides the isotropic growth of precipitates, the fragmentation of the larger particles should play a major role in the precipitation evolution, and this process should be responsible for the spheroidization of precipitates during ECAP. Table 2 shows the hardness values in Rockwell B scale for all conditions of ECAP used in this work. ECAP caused an accentuated increase of alloy hardness compared with the initial condition W (37 HRB). The increase of hardness should be resulted from precipitation and work hardening during ECAP. It 
CONCLUSIONS
In this work the commercial AA7050 aluminum alloy in the solution treated condition (W) was processed by ECAP to examine the effects of process parameters as temperature (Tamb and 150°C), processing route (A and B C ) and number of passes, in the development of the microstructure of the alloy during pressing.
Processing by ECAP leads to a refined microstructure by the formation of deformation bands, with the formation of dislocations cells and subgrains within these bands, with sizes of about 200 nm. The increase in the number of passes of ECAP leads to further refining of microstructure. The samples processed by Route BC present a more refined microstructure.
The increase of the ECAP temperature led to intense precipitation of η phase in the form of platelet particles after one pass of ECAP that evolve to spherical morphology after multiple passes.
ECAP caused an accentuated increase of alloy hardness resulted from precipitation and work hardening. A slight decrease of hardness with increase of number of passes of ECAP must be resulting from recovery process during ECAP at 150°C. No relevant differences were observed between samples pressed by routes A or B C .
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